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SPINAL PROCESS LANDMARK AS A PREDICTING FACTOR
FOR DIFFICULT EPIDURAL BLOCK: A PROSPECTIVE
STUDY IN TAIWANESE PATIENTS
I Chien, I-Chen Lu, Fu-Yuan Wang, Lee-Ying Soo, Kwong-Leung Yu, and Chao-Shun Tang
Department of Anesthesiology, Kaohsiung Medical University Hospital,
Kaohsiung, Taiwan.
Although epidural anesthesia is a common practice in neuraxial blockade, difficult access to the epidural
space is a frequent problem in operating theaters. We designed this study of epidural blocks to determine
if the spinal landmark grading system is valuable in predicting a difficult epidural block. Before the epidural
block, we collected the following data: demographics, body habitus (normal, thin, obese, pregnant), spinal
anatomy (normal, deformed), spinal level (lumbar, thoracic), and spinal landmark grade (grade 1: spinous
processes visible; grade 2: spinous processes not seen but easily palpated; grade 3: spinous processes not
seen and not palpated but the interval between them is palpated as a low landmark under the thumb;
grade 4: other). We performed all 848 epidural blocks initially using a midline approach and an 18-gauge
Touhy needle. We evaluated the technical difficulty of the epidural block using three methods: whether
the epidural block was accomplished at the spinal level (first-level success); the total number of attempts
at skin puncture (attempts-S); and total number of attempts to change ligament puncture direction
(attempts-L) required to complete the epidural block. Of all examined factors, spinal landmark grade
correlated best with technical difficulty as measured by all three methods. Deformed spinal anatomy and
body habitus both correlated with difficulty, merely from the total numbers of attempts (attempts-S and
attempts-L). Thoracic epidurals were more difficult than lumbar epidurals by all three measures of
difficulty. We concluded that this spinal landmark grading system is valuable in predicting a difficult
epidural block and advocate its use as a predictor by anesthesiologists.
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Traditionally, regional anesthesia is used frequently at
Kaohsiung Medical University, Taiwan, and epidural
anesthesia is predominant in our practice of neuraxial
blockade. Regional anesthesia is our first choice for most
lower abdominal, lower extremity, urologic, gynecologic,
and anorectal surgery, except in three categories of
contraindications, including patient refusal, bleeding
tendency, and local or systemic infection. In our practice of
neuraxial blocks, we do not use spinal anesthesia because
epidural anesthesia offers better safety, fewer complications,
faster recovery, and greater patient satisfaction [1–4].
Epidural anesthesia is thought to be the most difficult
procedure among the manual skills in anesthesiology [5],
and few studies have sought predictors of difficult or
successful epidural block [6–8]. A clear grading system for
evaluating difficulty of neuraxial block may be important,
similar to the Mallampati score for evaluating difficulty of
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airway management [9]. An examination of a patient’s back
for spinal landmarks was reported to be a better predictor
of difficult neuraxial blocks than body habitus and spinal
deformity [6]. Therefore, we designed this study of epidural
blocks to evaluate technical difficulty using first-level success
rate and number of attempts in order to determine whether
the grading system for spinal landmarks would be valuable
in predicting a difficult epidural block.
PATIENTS AND METHODS
We studied patients who underwent epidural block at two
teaching hospitals over a period of 2 years. Most epidural
blocks were lumbar epidurals used as primary anesthesia
while some were for painless labor and patient-controlled
analgesia. If epidural analgesia was requested to control
postoperative pain, we did not remove the perioperative
epidural catheter until pain management was accomplished.
Before each epidural block, our observer collected the
following patient data: demographics, body habitus (normal,
thin, obese, pregnant), spinal anatomy (normal or deformed,
subjectively from inspection and palpation), spinal level
(lumbar, thoracic), and spinal landmark grade (grade 1 =
spinous processes are visible; grade 2 = spinous processes
are not seen but easily palpated; grade 3 = spinous processes
are not seen and not palpated but the interval between them
is palpated as a low landmark under the thumb; grade 4 =
none of the previous cases). Body mass index (BMI; weight/
height squared, kg/m2) was used to define body habitus.
All our anesthesiologists were trained for more than 10
months and had performed 60 procedures, which was
deemed to be an acceptable standard of experience [10,11].
We performed all epidural blocks with an 18-gauge,
Touhy needle, using a primary midline approach and the
loss-of-air resistance technique. Spinal levels were recorded.
Another anesthesiologist (provider) blinded to the observer’s
results performed each epidural block. Patients were in the
lateral decubitus position while receiving epidural blocks.
The patient’s shoulders and hips were both positioned
perpendicular to the bed. The patient’s knees were drawn
to the chest, the neck was flexed, and the patient was
instructed to actively bring the back outward. There was no
limit to the time and number of attempts used to complete
epidural block.
We designed three measures to assess the difficulty of
performing epidural blocks. First, we defined successful
epidural catheter placement at the initial spinal level as
first-level success. Second, we recorded the total number of
attempts at new skin puncture (attempts-S) necessary for
successful epidural catheter placement. Third, the total
number of attempts to change ligament puncture direction
(attempts-L) required for success was recorded. Finally, the
success or failure of epidural blocks was recorded. Our
failure criteria for an epidural block included adding local
anesthetic, a second epidural block, and applying general
anesthesia. When a second or further blocks were performed,
the previous block was viewed as a first-level failure and
the number of attempts for each level was summed. We also
recorded numbers of complications such as unintentional
dural puncture, post-dural puncture headache, intravascular
epidural catheter placement, and neurologic sequelae.
The Chi-squared test was used to assess first-level success
and ANOVA was used to evaluate attempts-S and attempts-
L. A p value of less than 0.05 was considered significant.
RESULTS
We studied 848 patients, 482 males and 366 females, in
American Society of Anesthesiologists classes I–III. Ages
ranged from 15 to 91 years. Of the 848 epidurals, 781 were
lumbar and 67 thoracic. Most epidural catheters were
successfully placed (840, 99.1%); eight placements were
aborted (0.9%). Most epidural blocks (815, 96.1%) provided
adequate anesthesia/analgesia and 33 (3.9 %) were changed
to general anesthesia either with endotracheal intubation or
laryngeal mask airway insertion. These 33 patients included
the eight patients without successful catheter placement.
The unintentional dural puncture rate was 2.9% (25/848),
but no obvious neurologic complications were observed.
The catheter was inserted into a vein in 20 patients (2.4%).
Tables 1 and 2 show the relationship between patient
characteristics and technical factors. The overall first-level
success rate was 91.1%. First-level success rate was
influenced most significantly by spinal landmark grade
(p < 0.01), and the rate was lower with thoracic epidurals
than with lumbar epidurals (p < 0.05). Gender (male, female),
spinal anatomy (normal, deformed), and body habitus
(normal, thin, obese, pregnant) had no significant effect on
first-level success rate (p > 0.05). Our second and third
measures (attempts-S, attempts-L) of technical difficulty
were significantly affected by spinal landmark grade, body
habitus, spinal anatomy, and epidural level (all p < 0.01);
gender had no significant effect (p > 0.05).
Demographic factors including age and gender were
not associated with the first-level success rate, attempts-S or
attempts-L. Spinal landmark grade was significantly
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correlated with all three measures (p < 0.01) (Table 1). The
first-level success rate was significantly lower with thoracic
epidural blocks than with lumbar blocks, and thoracic
blocks were significantly associated with more attempts,
both attempts-S and attempts-L (Table 2). Deformed spinal
anatomy was also associated with a lower first-level success
rate, but this was not significant. However, spinal anatomy
had a significant effect on the number of attempts, both
attempts-S and attempts-L (Table 2). There was no
association between body habitus and first-level success
rate, but body habitus was significantly correlated with
the number of attempts, both attempts-S and attempts-L
(Table 2).
DISCUSSION
A large number of patients receive epidural blocks for
regional anesthesia or analgesia in our daily practice, and
we encounter both expected and unexpected difficult
epidural blocks. While there is a system (the Mallampati
score) that can be used to predict difficulty of endotracheal
intubations [12], there is little evidence to help predict the
difficulty of epidural blocks [6–8]. Compared to spinal
anesthesia, epidural anesthesia has the advantages of greater
safety, greater patient satisfaction, availability of continuous
maintenance, faster recovery, and fewer complications,
which include post-dural puncture headache and meningitis
Table 1. Relationship of spinal landmark grading to first-level success rate, total number of attempts at new skin puncture
(attempts-S), and total number of attempts to change ligament puncture direction (attempts-L) for epidural blocks
Grading of spinal landmarks n First-level success rate (%) Attempts-S (mean ±  SD) Attempts-L (mean ±  SD)
Grade 1 153 94.1* 1.03 ±  0.25* 1.12 ±  0.51*
Grade 2 502 92.4 1.11 ±  0.41 1.71 ±  0.81
Grade 3 171 86.5 1.43 ±  0.78 2.02 ±  0.89
Grade 4 22 72.7 1.66 ±  0.91 2.83 ±  1.17
*p < 0.01, Grade 1 vs Grade 2 vs Grade 3 vs Grade 4. SD = standard deviation.
Table 2. Relationship of investigated factors to first-level success rate, total number of attempts at new skin puncture
(attempts-S), and total number of attempts to change ligament puncture direction (attempts-L) for epidural blocks
n First-level success rate (%) Attempts-S (mean ±  SD) Attempts-L (mean ±  SD)
Gender
Male 482 91.9 1.14 ±  0.52 1.64 ±  0.76
Female 366 89.1 1.24 ±  0.55 1.83 ±  0.83
Epidural level
Thoracic 67 83.6* 1.61 ±  0.79† 2.70 ±  1.28†
Lumbar 781 91.7 1.41 ±  0.55 1.62 ±  0.96
Body habitus
Normal 462 91.1 1.11 ±  0.33† 1.62 ±  0.80†
Thin 176 93.2 1.07 ±  0.34 1.26 ±  0.45
Obese 158 89.9 1.42 ±  0.60 2.20 ±  0.99
Pregnant 52 87.5 1.44 ±  0.80 2.50 ±  1.09
Spinal anatomy
Normal 742 91.8 1.13 ±  0.46† 1.58 ±  0.80†
Deformed 106 85.8 1.50 ±  0.78 2.59 ±  1.26
*p < 0.05; †p < 0.01. SD = standard deviation.
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[1–4,13,14]. Therefore, we focused on epidural blocks in this
study.
We standardized all the aspects of our technique from
patient positioning and midline approach to needle gauge
and type. We also designed a double-blind method to avoid
skewed results [15]. The providers who performed epidural
block were different from the observers who assessed the
landmarks and anatomy. Providers and observers were
independent and unaware of each other’s results. A study
investigating predictors for neuraxial block technique
collected both spinal and epidural data [6,7]. We focused on
epidural blocks and modified the scale to evaluate technical
difficulty. Multiple redirection of the needle is not possible
in spinal block, but is possible in epidural block. Hence, we
also collected data on the attempts to change ligament
puncture direction (attempts-L) as a measure of difficulty.
Adjustment of patient position may be a factor but is too
subjective, so was omitted from our study.
In our study, technical difficulty correlated best with
spinal landmark grade, compared to body habitus and
spinal anatomy. Spinal landmark grade was a significant
independent predictor of technical difficulty as measured
by all three methods (first-level success, attempts-S,
attempts-L), and it was considered to be a major predictor.
Spinal anatomy and body habitus were significant predictors
only with regard to attempts-S and attempts-L, and they
were considered to be minor predictors. In our daily practice
and subjective experience, factors thought to be associated
with a difficult epidural block include obesity, spinal
deformity, pregnancy (for painless labor or Caesarean
section), and thoracic epidurals. Hence, we also tried to
examine our subjective experience based on the scientific
evidence. Our results showed that body habitus, including
obesity and pregnancy, was only a minor predictor.
Pregnancy was considered as a factor because of the
edematous ligament, where it is more difficult to feel loss of
air resistance during epidural block. However, there was no
significant difference in the first-level success rate between
pregnant women and non-pregnant patients. Spinal
deformity has been reported to be a better predictor than
body habitus [6], but there was no significant difference in
our data. Our data, comparable with our clinical experience,
revealed that performing thoracic epidural block was more
difficult than lumbar epidural block, which contradicts the
finding of Sprung et al [6]. This may result from the large
number of lumbar epidurals and the relatively few thoracic
epidurals in our study. Other predictors of neuraxial block
mentioned include adequacy of patient positioning, the
provider’s level of training, and patient age [7,8]. We
standardized patient positioning to exclude this factor and
found no significant contribution for patient age.
Konrad et al reported that epidural anesthesia is the
most difficult manual skill to perform in anesthesiology [5].
All our providers had been trained for more than 10 months
and had performed more than 60 procedures [10,11]. Sprung
et al found that the provider’s level of training (> 6 months)
did not affect first-level success [6], so we did not analyze
this factor. Our overall success rate for placement of the
epidural catheter was 99.1%, comparable to the 98% to 99%
of previous investigations [6,11].
Sprung et al found no difference in first-level success
and number of attempts for epidural block with either the
midline or paramedian approaches [6], but Kopacz et al
reported that the midline approach gave a better success
rate with fewer attempts than the paramedian approach
[11]. We performed all epidural blocks using the midline
approach initially. If technical difficulty was encountered
several times with the midline approach, we tried again
using the paramedian approach, according to each
provider’s decision. Therefore, we recorded this data but
did not compare the two approaches.
One limitation of our study is that too few subjects had
grade IV spinal landmarks. As many as 2,000 cases are
required to achieve better correlation between this grading
system and difficult epidural block. Another problem was
the subjectivity of the definition of deformed spinal anatomy,
which was merely examined by our observers. A more
objective result may be obtained using imaging studies
such as lumbar spine roentgenography or by recording the
lumbar spinal interval.
Our conclusion, based on 848 epidural blocks, is that the
spinal landmark grading system is valuable in predicting a
difficult epidural block. Before each epidural block, we suggest
that this grade be evaluated to give a more reliable prediction
than body habitus or spinal anatomy. Lumbar epidurals are
less difficult than thoracic epidurals. Finally, we advocate the
spinal landmark grading system as a useful predictor of
difficult epidural blocks for anesthesiologists.
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